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Heat Transfer and Hydrodynamics SOV/3898 
the authors present a simplified method for approximating the 
tamperature fields and stresses in a drum-type turbine rotor. 
Tne method does not take axial variation of temperature into 
account but considers each section of the rotor as part of an 
infinitely long hollow cylinder with boundary conditions cor- 
responsing to those for the particular section under considera- 
ticn. Results calculated by the approximate method are compared 
with those determined by more accurate calculations. An analysis 
of the discrepancies leads to the conclusion that the simplified 
methed is sufficiently accurate for most engineering purposes. 
The following personalities are mentioned: V.I. Fedorov, V.M. 
Agpancvich, and N.N. Shel'menko, all of the Heat-Engine Labora- 
cory, Institut teploenergetiki AN UkrSSR (Institute of Heat- 
Power Engineering, Academy of Sciences UkrSSR). 


Dorfman, A.Sh. Simple Calculation Method for a Laval Nozzle 26 
The author presents the results of an experimental study of 
the provess of heat transfer during the condensation of steam. 
A detailed description of the experimental apparatus and the 
methods employed is given, as well as a qualitative descrip- 
tien of the physical phenomena involved in theyrocess of con- 
dgensation on the basis of the results obtained. 
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Saykovskiy, M.I., and A.Sh. Dorfman. Criteria for Estimating the 
Efficiency of Intake Nozzles 159 


Yeremenko, A.S., and A.P. Pedosenko. Losses in Turbine Guide 
Venes of the Cascade Type 167 


teremenko, A.S., and A.P. Fedosenko. Investigation of the Losses 

in Turbine Blade Cascades 174 
The above two papers deal with an investigation of the losses 
in turbine guide vanes of the cascade type. The efficiency of 
the cascade is determined as a function of the inflow angle, 
blade-incidence angle, blade pitch, and other parameters, 


__Shvets, I.T., V.M. Sidun, and L.I. Romanyuk (Deceased). Experimental 
investigation of the Heat Conductivity of Soils Used in Greenhouses 
end Hotbeds 186 
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Studying the gas-turbdine combustion chamber using natural gas 


by means of a working-process model, Ene rgomashinost roenie 4 
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Akademiya nauk Ukrayins 'coyl RSR. Kyyiv. Instytut teploenerhetyky. 


Teploobmin ta nidrodynamika (Heat Exchange and Hydrodynamics ) Kyyiv, 
Vydavnytstvo AN UkrSSR, 1959. 76 p. (Series: Its: Zbirnyk prats', 
vyp. 16) 1,000 copies printed. 


Sponsoring Agency: Axademiya nauk Ukrayins '«oyi RSR. Instytut 
teploenerhetyky. 


Editorial Board: Resp. Secretary: A. Sh. Dorfman, Candidate of 
Technical Sciences, 0. S. Yeremenko, Candidate of Technical . 
Sciences, 0. O. Kremn'ov, Candidate of Technical Sciences, 


vV. I. Kuznetsov, Candidate of Technical Sciences, P. I. Lavrov,. 
Candidate of Technical Sciences, M. M. Nazarchuk, Candidate of 
Technical Sciences, V. I. Tolubyns'kyy, Corresponding Member, 
Academy of Sciences UkrSSR, I. T, Shvets', Academician, Academy 
of Sciences UkrSSR. Resp. Ed.: H. M. Shchoholev, Candidate of 
Technical Sciences; Ed.: I. V. Kisina; Tech. Ed.: V. I. Yurchy- 
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PURPOSE : This collection of articles is intended for scientific 
workers and engineers concerned with the construction of turbines. 


COVERAGE: The pooklet,; published in Ukrainian ,contains 10 articles 
dealing with problems of improving gas turbines. Results of 
investigations of processes in the combustion chamber and of 
heat-exchange processes taking place in turbine components are 
given. Aerodynamic problems of cascades of turbine blades and 
of tubes are discussed and theoretical research in poundary- 
layer problems 1s considered. Each article is follow by a brief 
résumé in Russian. No personalities are mentioned. There are 
no references, 


TABLE OF CONTENTS: 

Shvets', I. T., and Vv. O. Khrystych. Experimental Investigations 
of Basic Characteristics of the Evaporation-Type Combustion Chambers 
of Gas Turbines 


Virozub, I. 0. Solution of Equations of the Laminar Boundary 
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Shvets, ivan Trofimovich, ana Yevgenly Paviovich Dyban 
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Vozdushnoye okhlazhdeniye rotorov gazovykh turbin (Air Cooling of 
Gas-turbine Rotors) Kiyev, Iza-vo Kiyevskogo universiteta, 1959- 
349 p- 5,000 copies printed. 


Sponsor ing Agency? Kiyevskiy gosudarstvennyy universitet. 

Ed.: Ye. L- Orlik; Tech. Bd: Tt. I. Khokhanovskaya. 

PURPOSE: This book is intended for engineers and scientific 
ers in the field of steam-and gas-turbine construction. 


It may also be used by students of advanced courses related to 
this field. 
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Air Cooling of Gas- turbine Rotors SOV/2684 


rotors and approximate solutions of the equation of heat 
conductivity for blades and disks are discussed. This research 
was conducted by the authors at the Heat “ower Institute of the 
USSR Academy of Sciences, and at the Kiyev State University 
imeni T. G. Shevchenko. The authors also used results of other 
investigations reported in Soviet and foreign literature. Chap- 
ter One was written by Candidate of Technical Sciences G. F. 
Selyavin; Chapter Twelve was written by Candidate of Physical 
and Mathematic Sciences I. A. Motovilovets. The authors thank 
Engineers Ye. A. Zyukov and K. A. Bogachuk-Kozachuk. There are 
140 references: 84 Soviet, 35 English, 19 German and 2 French. 
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10. Heat Transfer by Conduction in Turbine Parts 


SECTION IIl. 


. Determination of Temperature Fields of Cooled Turbine 
Disks Under Steady Thermal Conditions 


Determination of Temperature Fields of Cooled Turbine 
Under Unsteady Thermal Conditions 


Determination of Temperature Fields in Moving and 
Stationary Blades 
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Basic Considerations in the Method of Thermal Calculation 
of Air Cooling of Gas-turbine Rotors 2 


Examples of Calculations for Cooling Disks of Gas-turbine 
Engines 2 
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power engineering technolegy) and tne paysice of combustion. No personalities 
are mentioned. References are given after most articles. 


TABLE OF CONTENTS: 
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DEVELOPMENT OF POWER ENGINEERING ; 
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Energy Over Extremely Long Distances 119 
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[Nonstationary heat exchange in turbine rotors] Voprosy ne- 
statsionarnogo teploobmena v rotorakh turbin. Kiev, Izd-vo 


Kievskogo unive, 1960. 282 p. (MIRA 1421) 
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The cylindrical apertures used in tne first series 
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constant length of 24.15 mm and the following va 
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inebers: ‘4; 5.33 ©- 8; 10; 11.5; 13. a he i 
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relative depth |L/d from 6. c4& to 6.96 and embr S 
the whole potential range of aperture sizes for 
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supplying cooling air in gas turbines - _ the oot 
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\: si (440.52K +0. 89K2+0.057K5 +0. 17K {-0. O43K5 +0. 025K, 
fe) 
4 (12) 
and a 
2 5 At P 
¢ - 2 640.840. 081K" ~0.CC24K7+0.000016K") = (12a) 
fo 
The parameter K characterizes change in the condi- 
tions governing the flow of the current through 
apertures in the disc during rotation. 
cep =o 2 
i = ve = a (6) 
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Experimental Determination of the Coefficients of Hydraulic Resi- 
stance for Apertures in Revolving Discs 
apertures; ¢ - mean outlet speed in the aperture. 


a ih K (10) 


The authors conclude that, when the ratio of the 
syeed of rotation to the mean outlet speed in the 
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dges nus no practical e fect on conditions govern- 
ing air flow througo the apertures in rotating 
discs. The consumption coefficient for square 
apertures 1S near that for cylindrical channels 
(siven similiar hydraulic radii). The relative 

ptn of the aperture. if the ratio is between 
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0.9621 5,04, has no practical effect on the re- 
lasionShin of the consumption coefficient to ro- 
tation. With the aid of experimental data the 

authors established the empirical relationships 

of the consumption and hydraulic resistance coeffi- 
cients to K and Kk parameters. These are true for 

au disc rotating ik a housing where the relative fm 
&Mial clearance between the disc and the housing 

is 5reater than 1.5. Buch detailed information 

the experimencrs 1s included. A correction slip 


at the end of the volume States that the readings 
alons the axis of the ordinates in Figure 5 should 
be 0.2; 0.3; O45 0.8; 0.5; C.7. There are 
> graohs, 1 diagran, 1 set of a orapn and a dira- 
Sram and 2 Sovies references, 
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AUTHORS: Shvets, I-T., Academician, AS UkrSSR, Doctor of Tech- 
nical Sciences, Professor, and Dyban Ye. P., Candida- 


te of Technical Sciences 


TITLE: Some results of studying the air cooling of ¢.5 
turbine rotors ; 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Mashino-— 
stroyeniye, no. 2, 1960, 167 - 176 


TEXT: ‘The authors describe some results of work performed on the 
efficient cooling of gas turbines. For this, the analytical reke- 
tionship between maximum temperature of rotor and the flow of cool- 
ing air in the case of different cooling methods had to be worked 
out. The solution of differential equations on heat transfer for 
the cooled disc is not difficult, but the characteristic of boun- 
dary conditions of heat exchange are insufficiently studied. Re- 
cently, grid integrators of 3M -1l2 (EI-12) type are employed for 
electrical analogy method measurements of temperature fields. In 
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applying a hydraulic analogy, the integrator system of Luk'yanov 

is adopted. The most extensive research concerned disc rotor, al- 
though the results can be extended to drum type rotors. Investiga- 
tions demonstrate that the cooling effect of the rcot does-not co- 
ver more than 20 - 25 % of blade length, and therefore, the latter 
must be manufactured from heat resisting alloys. Experiments and 
theoretical investigations were carried out on cooling gas turbine 
rotors b; air blowing through the roots of blades and also by blo- 
wing in the direction of air flow around the radius. The first sta- 
ge of this work determined the qualitative characteristics of heat 
transfer and the flow resistance in assembly clearances as well as 
in the-:quivalent cylindrical capillaries. The results permit the 
following conclusions to be 4eached. There is no densification ee 
laninary flow towards large coefficients of Reynolds in the case 

of fir tree roots. Consequently, intensive heat transfer can be 
achieved. Flow resistance of cooling channels is governed by the 
usual relationships.At the same time, the coefficient of heat trans- 
fer was assessed in the forced cooling of the disc which varies 
with the temperature. The latter Fluctuates along the radius due to 
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gero tynunic features of flow. ihe cumbersome gifferential equation 
for th: »bove can be simplified by some assumptions, and then 
Bessel fu.ctions are optained. Data reveal that root cooling is 
more eifective than forced »Aisl blowing: With the admissible tem- 


peratures, it is necessary bo use austenitic steels, or in the case 
of pearlitic steel - to use root cooling. During 1956 - 1957, the 
Institute of Thermal Power AS UkrsS5sR carried out experiments on 

the reliability of these methods. The results demonstrated the sta- 
pility of se..perature when the flow of cooling air was maintained, 
and tnererores 4t is possible to assume that in a conventional lo- 
eomotive gas turbine this is even more reliable, on account of ri- 
gorous test conditions. Methods of electro-thermal analogy were : 
usea for solving the problem of computation for the above. The in- 
tegrator; Dar GA (EG DA) 6/53 with a special current conducting pa- 
per was applied. Results of experiments are in good agreement with 
the commed data, and consequently; the proposed calculation me thod 
can be used during design work. The Institute is at present engaged 
in working out a4 similar method for multistage dise and drum ro- 
tors. the authors believe that further accumulation of data con- 
cerning the Laws of heat transfer in cooled rotors is of prime im- 
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portance. There are Y figures and 9 references; 


8 Soviet-bloc and 
t non~-Soviet-bloc. 


ASSOCIATION: Institut teploenergetiki, AN UkrSSR (Institute of 
Thermal Power, AS UkrSSR) 


SUBNITTID: December 15, 1959 
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AUTHORS : SBN EES cecadsag, Mcademician of the AS UkrSSR, Dyban, Ye.P-. Seiva- ee 

vin, G.F.; Stradoms' kyy, M.V.;  Rudkin, S-K.; Mel‘nyk, V.F. 
TITLE: Influence cf Initial Disturbances on the Develcpment of Turbuient 


Seeeeo ener When Air Moves Through Tubes | vs 


PERIODICAL: Dopovidi Akademiyi nauk Ukrayingkoyi Radyans koyi Sotsialistycnncyt / 
Respubliky, 1960, No. 2, pp- 173 - 176 x 
TEXT: This paper presents the results of experiments studying the nature 
of velocity pulsations in a tube with various rates of artificially-created tur- 
bulences of the air stream and their effect on the hydraulic resistance. The 
following conclusions were drawn; allowances should be made for the initial tur- 
bulences of stream when calculating heat transfer and hydraulic resistance for 4 
fluid moving through relatively short tubes. Effects of artificial turbulenczes 
are particularly great at the transition stage. Initias disturtanzes die away 
within relatively short length of tubes, these lengths being dependent cn the 
magnitude of initial turbulence and the Reynolds number. Initiai disturbance 
do effect the value of the coefficient of hydraulic resistance witnin the range 
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of Reynolds numbers from 2,000 - 5,000; at higher values thereof the 

on the stream passing through a tube (having a length of 380 diameters! is within 

the limits of the measurement error. The experimental stand included a 4,000 mm 

long round tube having a 51 mm inner diameter. Initial disturbances were created 

with the help of perforated disks of of 3 - 5 and 10 mm in diameter, installed in 

the intake tube section. Pulsaticns were measured and reccrded by an STA-SA 

(BTA-5A) electric thermoanemometer, at Reynolds numbers from 700 to 10,009. Fig- 

ure 1 shows oscillograms giving the dependence of veiscity pulsations 1n the in~ 

take area on the Reynolds numbers (disk with 3 mm perforaticns, ecefficirent of 

clogging B = 0.18). Figure 2 gives the range of critical Reynolds numbers, Fig- 

ure 3 shows the dependence cf the relative axial pulsation on the coefficient of 

clogging. Figure h shows how the average relative velocity dulsations change a- 

long the length of a tube with a 10 mm perforated disk. There are & figures. 

ASSQCIATIONs Instytut teploenergetyky AN UkrRSR (Institute of Heat Power Engi- 
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Selyavin, Ge Fo 3 Stradomskiy, Me Vo; Candidates of Technical 
Sciences 
TITLES Experimental Investigation of the Influence of Initial Pertur- 


pations Upon the Development of the Turbulent -Flow Condition 


PERLODIGAL: Energetika, 1960, Vole 3 No. 8. DP» 102 -109. 


TEXT: The paper presents the results of the investigation, earried 
out in 1958-1959. on the influence of initial perturbations upon the de~ 
velopment of axial velocity pulsations in an isothermic flow and on their 
influence upon the value of the hydraulic resistance coefficient in short 
tubes. ‘The tests were carried out in a drawn tube; 50 mm in diameter, 

80 diameters long, linked through a system of dampers to 4 compressed air 
main. The axial yelocity pulsations were measured by the 9TA 5A (ETA-5A) 
apparatus designed by the VEI im. V~ I, Lenina (All-Union Institute of 
Power Engineering imeni V. I. Lenin). The tests indicated that the level 
of initial perturbances influences the development intensity of tne ; 
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turbulent flow. The higher the initial level in tubes shorter than 80 dia- 
meters, the sooner the laminar flow ends and the hydrodynamic stabilization 
of the flow ensues, A substantial influence of the level of initial per- 
turbances upon the value of the hydraulic resistance coefficient was found 
for Reynolds numbers from 1,800 to 5,000. This influence was within the 
measurement errors for higher Reynolds numbers in tubes longer than 80 dia 
meters, There ara 3 sets of oscillograms, 3 graphs and 2 Soviet references. 
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AUTHORS: Shvets’, I. T., Fedorov, V. Y. and Bondarchuk, V. G. 


TITLE: Approximation methods for solving equations of heat conduction in turbine rotors 


PERIODICAL: | Referativnyy zhurnal, otdel’nyy vypusk. 42. Silovyye ustanovki, no. 8, 1962, 20, abstract 
428.108. ‘‘Zb. prats’. In-t teploenerg. AN URSR"’, no. 18, 1960, 3-15 (Ukr. Russian res.) 


TEXT: The problem of solving certain equations of nonsteady heat conduction by Sokolov and Galerkin’s 
approximation methods is studied. Proceeding from theoretical computations, the authors plotted compa- 


rative graphs characterizing the degree of accuracy obtained by the above methods. 


[Abstracter’s note: Complete translation.] 
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AUTHORS: Shvets, 2. T., and Knristich, Vo A; 
6 SEE ea 
TITLE: Exrerimenvai invesvigaticn of the atomizing device in gas-~urbine 


combustion chambers of the evaporative type 


PERIODICAL: Referativryy zhumal, Mashinostroyeniye, no. 4, 1961, 18-19, abstract 
uriss. ("izv. Kiyevsk, politekhr., in-ta", 1960, vol, 320, 98-109) 


TEXT: The investigation of fuel evaporation by injecting it into a pipe 
heated by a flame showed that a high degree of vaporization is ensured if the 
fuel is injected cnto whe surface ef a pipe whose temperature does not exceed 
500°C, Zn this cass the atomtzacton quality practically,dces net depend on the x 
injection pressur¢, varying in tre range of 2 - 30 ke/em-, The degree of 
vaporizatzior inc ses with the growing pipe length and the coefficient of air | 
surplus and decr es witn the growing air pressure. At low air temperatures she 
degree cf vaporizavion imprcves with the grewth of the volatility of the fuel. 
The authors present an empirical formula for the calcuiation cf the pipe length 
depending on the degrse of vaporization, vemperacure ard coefficient of air 
gurplus, F *. Barskty 

fAbstractor's note: Compsete sranslavion 
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"Experimental investigation of Flow Turbulence on Heat Transfer 
At Air Motion in Tubes. 


Report submitted for the Conference on Heat and Mass Transfer, 
Minsk, BSSR, June 1961. 
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KUCHEROV, P. 3. ved. Pan A.D., redoj_ POKHODZILO, re 
red. izd—va; YEFIMOVA, M.I., tekhn. red. 


{From the history of institutes of the Department of Technology ] 
Narysy 2 istorii instytutiv viddilu tekhnichnykh nauk. Kyiv 
Vyd-vo Akad. nauk URSR, 1961, 167 ;. (MIRA 15:7) 


1. Akademiya nauk URSR, Kiev, Komisiia z istorii tekhmiky. 
2. Chlen—korrespondent Akadenii nauk USSR (for Kucherov). 
3, Akademiya nauk USSR (for Khrenov). 


(Academy of Sciences of the Ukrainina S.S.R.] 
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Stradoms'kyy, M.V 


Investigating radial componente of velocity pulsation 


during the motion 


Akademiya nauk Ukrayins'koyi SR. Dopovidi, no. 5s 


1961, 644 - 648 


TEXT: The ratio of these puis 


considered_as « 


where ' 
(wy. 


velocity pulsation, W, the me 
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cross section of 
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Length of 400u mm. vo increas 


pulizators were pu 
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of air in short sipes 


ations to mean veiocity is usuelly 


an velocity of streaming, with res- 


the pipe. The experiments were made on 
oth pipe with inner diameter of 51 and — 
e initial disturcances, special tur- 
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tes and gratings having different diameters -: -nenings and aific- 
rent coefficients 8 (ratio of free passage © - pi erea). Measure- 
ments of magnitude of the ~ulsations were [" -© -ecording to the = 


thermoanemometric method wich the aid of Els. o4 ses of instrumen=s. 
The sensitive element wac & y-shaped pickup crveated with two pam 
jacent arms of the measuring bridge. Pulsat. yore measured at 
seven longitudinal gectione of the pipe eng o. "evan points within 
each section. The type of variation shown kere -ag found to be vo- 
lid for ell turbulizatorse, witnout any exces ists also for a stream 
of air in a pipe without artificial disturt:.ic.3- It can be assu- 
med that the part of the pipe where the radi nomponent of velo 
city pulsation is variable, is the zone of yyeccdynamical stabiii- 
zation of the.stream. The relative length of '...8_ zone depends cn 
geometrical characteristics of the turbuliz:t :- Practically only 
one turbulizator among those tested had corre. ,ending zone of 
pilization longer than 30 diameters. Two otse: turbulizators were 
intended for calming and are not considered. 7.-é value of Kr cen 
be found, with poss:ble error UP to 10 #, fr07 


as a 
> seed 
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210 
Kr —=— (2) 
ser Rel’? 


(Kr i is the mean value of Kr with respect to cross section of the 
pipe). The absolute value of the radial component of pulsation is 


Wi? = 6,45 ° 107+ Re®*?. (3) 


The attempt to find an empirical formula for the radial component 
of pulsation with respect to the length of stabilization zone has 
failed. The authors find that the determination of the radial com- 
ponent of pulsation alone is insufficient for the characterization 
of the stream in the initial zone of the pipe. There are 3 f¥gures. 


ASSOCIATION: Instytut teploenerhetyky AN URSR (Institute of Heat- 
power Engineering, AS UkrSSR) 


SUBMITTED: February 1, 1960 
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heat exchange intensity during turbulent air flow in 


shor 


PERIODICAL: Akademiya nauk Ukrayins'koyi RSR, Dopovidi, no. 7; 


1961 


et of the level of i 


t+ pipes 


, 920 - 925 


TEXT: In calculations involving shor 
essential to take into account the e 


turbulence on th 
studied the effe 


e value of heat exchange coefficients. The authors 


ets of pipe lengths, 


initial disturbances level on heat e 


than 80 diameter 
means the ratio: 


s long [Abstractor’s 


length/diameter]. The lower pipe partition was 


heated to 150°C by electricity. The 
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t heat exchange surfaces it is 
ffect of the air stream initial 
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note: This expression probably 


temperature Wes measured by 
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means of thermocouples and the air temperature with a specific de- 
yice, also previously described. The criterial equation Nu = f(Re) 


as well as the obtained experimental data proves that the physical 
flow conditions along the pipe jength have 1ess effect on the Nu 
value than on the heat exchange coefficient (beyond the latter sta- 
pilization tevel). Therefore, in evaluating experimental data -- 
the pive length influence on the average values of heat exchangé 
coefficient, as well as that of the distance of the examined pipe 
partition from the pipe mouth, (for local data), the coefficient 

Be was used, which is the ratio of Nusselt's number for the given 


pipe part and that for part renote 


gation of heat exchange intensity Ww 
this intensity might be expressed 
pilization level) by the follow- 


tificial turbulizers; proved that 
(for pipe partitions peyond the-sa 
ing equation: Nu. = 0.018 


from the air entrance< Investi- 


ReO-8, which is in agreement with the 


well known generalization. During that kina of air flow, 4 Laminar 


flow zone existed for the whole range of the studied ne values (up 


+o. Re. SB -ekOo be Behind that zone & 
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the length of whick is inversely proportional to Re values (Fig-1). 
This Leads to rorresponding changes in the local Nusselt's numbers. 
By graphs illustrating the changes of the coefficient Ee along the 
ipe length, the Local Nu numbers as well as the average ones' can 
be caloulated {as long 45 parameters on the tube entrance are con- 
stant). When artificial turbulence devices are used the air flow 
characteristics cuange, but tne zone of initial artificial pertur- 
bations does not exceed 30 dia pipe length, even for 
the most effective of increased local heat 
exchange coefficient in * i 5 rtition,. their average Va- 


lues are jncreased along 4 la pips Jength and are in- 
versely proportional to Reynold’s numbers; SO the spent increase 


of Nusselt's number with the most effective turbulizer (one open- 

ing 10 mm in diameter, f = 0,038) was observed on the pipe length 
equalling about 600 diameters when Re was equal to 5.107, but on a 
length of 75 diameters only when Re = 1.5*10". It follows that for 
evaluation of heat exchange data in the entrance part of a pipe x 
heated by an air flow with natural as well as artificial turbulen- 

ce it is necessary to make 2 corregtion on tne pipe length: Ee = 
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Nu/Nu_. There are 3 figures and 4+ ceterences: 7 Soviet-bloc andil 
non-Sdviet-bloc, 


ASSOCIATION &: Institut teploenergetiki AN URSR (Institute of Thermo- 
energetics AS UkrsSsR) 


SUBMITTED: February 1, 196i 
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SHVETS , Ivan Trokhimovich [Shvets', 1.7. ]# ovcHARENKO , Fado, Danilovich , 
“ akademik; DOBROKHOTOV, Wikolay Nikolayevich [Dobrokhotov, MM. J, 
akademik, zasluzhennyy deyatél' nauki i tekhniki USSR; _ 

‘i STUDENNIKOV, Pamofey Vasil'’yevich [Studennykov, T.V.J; BAKUMA, 
Y -.. pawel Fedoroviab, akademik; DAMITRENKO, Petr Alekseyevich 
-, * {Dmytrenko, Petro Oleksiiovych ] Fea 


Congress of conquerors. Znan. ta pratsia no.l0:1-5 0 "61. 
(MIRA 14:8) 

1. Rektor Kiyevskogo gosudarstvennogo universiteta im. T.G. 
Shevchenko (for Shvets). 2. AN USSR (for Ovcharenko).* - 
3, Nachal'nik upravleniya transporta i svyazi Ukrainskogo 
govnarkhoza (for Studennikov). 4. Chlen-korrespondent 
Ukrainskoy Akademii sel'skokhozyaystvennykh nauk (for Dmitrenko). 

(Russia—Economic conditions) 
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AUTHORS: Pol'skiy, N. I. and Shvets, I. Tey Academician AS UkrSSR 
TITLE: Progressive solutions of laminar boundary-layer equations in 


magnetohydGrodynamics 
PERIODIGAL: Doklady Akademii nauk SSSR, v- 136, no. 5s 4961, 10571-1054 © 


TSXT: For an incompressible liquid, the laminer boundary-leyer equation 
may ve written down in the form _ : 7 ; 
Gu au 4 dp 1, GU __ 5 pry. au, ov a 
pale v = Bias ant Oy 0; F 
(1) Ze 
an 20 vO 4 y (MH)? 4. & Btu : x 
ua Ve oy ~ Pr Oy? +v(H) + P ‘ 


Here, @(x,x) is the aifference between the enthalpy of the mass unit, at 

any point and in the outer flow; the last two terms in the energy equations 
characterize the viscous and the Joulean dissipation. The boundary condi- Vt, 
tions are: u(x,0) = v(x,0) = 0; u(x,o) = U_(x)3 a(x,0) = t(x)3 Q(x, )s0- 


(2), The function U(x) is now defined with the aid of the equation 
cara 1/5 
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-1dp/odx =» UU', and it is found that this function differs fromthe { 


distribution of the velocities U(x) on the boundary layer if there exist. } 


volume forces which are produced by a magnetic field’in the outer flow. The 
distributions of U(x) and t(x) are now sought, at which the equations of 
system (1) may be reduced to ordinary differential equations with the help 
of a similerity transformation vie the velocity profiles and the enthalpies. 
The interrelation between U(x) and Ue(x) is found. By means of substitu- 


tions (3), the equation of continuity and the two other equations of:the. 
system (1) may be wr." .7r down in the form of the system 


u(x, y) = Ug’ (8); B= yK (x); O(x, y) = t(x) g (8): ei : 
v(x, y= (Uk Flow — Ete @) - . 
: i ce ee a 
. ee ea a le 2.7 
oo 7 os (4) 
' Uv’ F UK’) _, v Kt, o B ; é 
Goad (l-zxleo= ee PSPC TIS HT 
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It may easily be seen that this system is nothing but the system of 
ordinary differential equations if with a suitable normalization function 
K(x) the following holds: 2 an 
Te uKt/uiK = 1/632 = Ke/U = Jay W/s = 45 ut'/utt = 7 (5). On the 
assumption that the magnetic field strength B on the wall is described by 
the function B(x)» which changes in the Y-direction in inverse proportion 


to the s-th power of y, and that further the relation B,(x)/B,(*) = My 


which characterizes the attenuation of the field across the flow, does not 
depend on Xy it is necessary for obtaining progressive solutions that for 
the magnetic parameter the following holds: 

a 8B 
(= ar ee On these assumptions, the boundary conditions (2) and the 


Z Q 
Eq. (4) assume the form: 


“8 7 pet _i=m |, : 2 7 
gr cog =o? Nt on fm jot} (7) 
t—m \3 
: 1 aot? 4 fm eo} =O 8 
gt atone aa ote 4 rer ee 
: he oh —-0:° ’ =. C* r{(0 = |} g (co) = 0. —O)- 
Gard 3/5 9) =F O)=% a) EO a ae 


APPRO : 
VED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001550410009-6" 


"APPROVED FOR RELEASE: 03/14/2001 


WP eS 2 ba 2h Se Tp te SUE ae tl ae a FAUST UIT ee eee ny eee 
20353 
5 /020/61/ 136/005/01 1/032 
progressive solutions ofe..- 3104/3204 


| Furthermore, the authors show a way of obtaining analogous results for 4 
compressible liquid. In this, tney proceed from the poundary-layer equation 


du au \ . dp 4 au\ _ gBtu; ; 
p(u Se +e ay) = dx * Oy C ay) ’ (10) 
a0 1 4 ( an\. tee) 4 (pe) 9, 
ax 


00 ae See ee gipe) 
plug +e ae) = Bi ar \Y ay)" ay 


with which the Joulean dissipation is neglected for the purpose of 
simplification, ana where “1 holds for Pr- The new variaoles 


x ¥: 
xa ( (p/p \rax and Y = if (e/e,)ay (11) are introduced, which are analogous 
3 *o : 
fr) 


fe) 
to Dorodnitsyn variables. By means of the substitution 

= ro ab troduction of dimensionless 
v= u(p/P) ax/ax + v(p,/P) 7,/T and by introduction 


a a uv’ —3 & 
variables, the system ut + Va -0+1 pth) alee ee 
—Bug+i— (9 - (42) 
du 0 ya pot 8, go Aead 
xt 7% ues tl ; =(1—U*) pF oy’ 8 boat" 
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is obtained from (10). The boundary conditions for the variables X and Y 
may be written down by means of (2), and the progressive solutions were 
found by means of the relations (3). It is further pointed out that the 
progressive solutions may be obtained with constant wall temperature 

(+ = const) or with constant velocity (case of a plate), and these two 
cases are discussed more in detail. There are 7 references: 4 Soviet-bloc 
and 3 non-Soviet-bloc. 


ASSOCIATION: Institut teploenergetiki Akademii nauk USSR (Institute of Heat 
Engineering of the Academy of Sciences UkrSSR) 


SUBMITTED : June 1, 1960 


APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001550410009-6" 


"APPROVED FOR RELEASE: 03/14/2001 


CIA-RDP86-00513R001550410009-6 


HiT sci 11H. <icte2 [is wilics 21 i111 lls el ll imalameian iene 


abd fee Ae, 


aN BPR SEEM ES PTE PETER AUT GTH Siti} WEBS Re aE 
iiftinn abate Stew 2 HEE a 2? Seen ei te URLS ae SRL 


SHVETS, LP. okademik. off. vedas DAL’, V.I., doktor tekhn. neark, | 
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' Oss 2OVSKIY S.4,, rea.) LAVACV, P.I.; kande tokbn. nels 
red.; LANDSMAN, S.U., xanc, tekhn. nauk, red.; KU oe 5 
VL. and. him, nank, red.; SUSHOU, S.P.» inzh., red. 
DAKHNG, Yu.B , tekhn. red. 


(Complete utilisation of Uivainian solid bipls Koop iz- 
pol! zovanie tverdykh topliv Ukrainy. Kiev, Tzd-vo anaes 
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; ; 
loontrol valves (3) (for hi pressure) and (4} (for low pressure), servo-potors (5) 
\(for high pressure) and (6) (tor low pressure). The dynamic equations for this 
|configuration were derived, and the step response of the system for sudden joad 
‘reductions of 100, 50, and 15% were investigated on an analog computer for relative 
‘air consumption G = 0.6, 0.8, 4.0. It was found that the gas turbine installation ~ 
(without the control system) is stable when the load is exidenly decreased (or 
increased) 50 or 100%. The speed overshoot varied within 26% and 60% of the new 
‘final value. With the control system the speed overshoot of the generator was kept 
'to 3.7% (50% load step) and the speed overshoot of the compressor to 10%. The 
‘moment of jnertia of the generator significantly influenced the temperature pehavior 
‘before the low- and high-pressure turbines. The volume of the combustion chamber 
‘and air ducts_appeared to have negligible effects on transient response. (bd) 1 
| 
t 
‘ 
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iResults with G = 0.8 and 0.6 indicated that although the response 48 slower, the 
- system remains stable and the response is sufficient for practical application. 
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AUTHOR: Shvets', I- T- (Academician); Fedorov, V- Y.; Minyaylenko, M- 0-3 Banny*kov, 
A. I. 


TITLE; Experimental study of the nonstationary temperature field in the rotor of 
a gas turbine 


SOURCE: AN UkrRSR. Dopovidi, no- 2, 1964, 220-223 


TOPIC TAGS: gas turbine, gas turbine temperature, gas turbine thermal stress, gas 
turbine starting temperature, gas turbine stopping conditions 
Yow 
ABSTRACT: Using the test assembly shown in Fig- 1 of Enclosure 01, the temperature - 
field in the rotor of 4 gas turbine was investigated under the following operating 
conditions: normal start-up, start-up with hot rotor, and emergency start-up of a 
cold turbine. 
od. Temperatures at the top of the blade reached 550 to 5600 after 3 minutes 
in operating conditions 0-100 - 0. Temperatures at the bottom of the ‘blades were 
180 to 200C. 
2. The maximum temperature difference (Fig. 2. of Enclosure 02) between the ” 
periphery and the hub of the turbine wheel reached 290C, 10 to 12 minutes after 
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start-up or 5 to 7 minutes after arriving at 100 percent load. : 

. . 3. The maximum temperature difference between the periphery and the hub during ° 
start-up with warming at low rpm was PLO to 250C after 20 minutes. i 
: h. The temperature gradients between the periphery and hub are considerably ' 
‘reduced with warming up at low rpm. 

5. The maximum composite thermal stresses in the turbine rotor are -1600 (quick 
start-up and maximum gradient), -60 (quick start-up and constant temperature field)} 
and -720 kg/mm@ (normal start-up and maximum gradient). : 
On the basis of the obtained results it is possible to consider reducing the | 

‘start-up time and to provide safe start-up and operating conditions for gas turbines. 
“ASSOCIATION: Insty*tut teploenergety*ky* , AN UkrRSR(Institute of Thermal Power ._ 
Engineering, AN UkrRSR) 8 
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TITLE: Heat exchange through a contact of plane metallic surfaces 
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SOURCE: Inzhenerno-fizicheskiy zhurnal, no. 3, 196%, 3-9 


TOPIC TAGS: Heat exchange, heat transfer, metal contact, microgeometry 


ABSTRACT: The laws governing contact heat transfer between two plane metallic 
surfaces are analyzed theoretically and the results are presented. On the basis 
of recent concepts of microgeometry, an attempt was made to derive an equation 
governing such transfer. Heat flowing through the contact may be represented as 
heat passing through portions of direct contact and heat passing through the 
ioterlayers between the microroughnesses and waves present on the surfaces of the 
two parts. The relation between the area of direct contact and the compression 
force is assuted to be governed by the power law, the exponent and constant co- 
efficient of which sre found from experimental data. The dependence of the direct. 
contact area on strain is determined with the aid of the curve of a supporting wae 
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| surface. The criterial equation obtained theoretically is in good agreement 
_ 1 with experimental results caducted earlier and with the data of other authors. 
i Orig. art. has 2 figures. 
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i teplotekhnika (Thermophysics and heat engineering): Kiev, Naukova | 

dumka, 1964, 147-153 


TOPIC TAGS: stationary gas turbine, combustion chamber,” ‘cugeide: 
testing, transient regime, gas turbine : 


ABSTRACT: The transient characteristics during a sudden increase: or 
decrease or a periodic change in the fuel feed rate. to a: stationary | 

gas turbine combustion chamber was investigated with natural gas in| 

a test chamber 3 m long. The fuel feed fluctuations were changed at 

a frequency of 0.6—-8 cps and amplitudes of 2, J—12.5 mm. The tem- |...» 
perature fluctuations during the transient regimes were oscillograph- 
‘{eally determined. As a result, the transfer function and ceeneret: 
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coefficients for the investigated combustion chamber were determined. 
The time lag was plotted vs the fuel feed rate in the transient ae 
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. ABSTRACT: In conjunction with the development of gas turbine GT-6-750 (initial 2 
gas temperature 750C, pres 5.8 kg/cm?), several air cooling systems for the | 
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cooling system shown in Fig. 1 is discussed and the temperature distributions at 
the blade roots and in the turbine wheel are graphically presented for cooling 
air flows of 0.9 and 0.73 kg/sec respectively (0.73 kg/sec represents 1.7% of the 
total gas flow). The values of local cooling air pressure, temperature, flow rate, 
and heat transfer coefficient at the 16 locations in Fig. l are tabulated. It 
was found that the cooling system maintained all metal temperatures below 100 
' (at 0.73 kg/sec) and calculations show that the cooling flow can be further reduced 
to Ocli--O0l5 kg/sec without dangerous temperatures. With such a cooling system, . 
perlitic steels can be used with gas teaperatures of up to gooC. The experiments | 
confirmed the accuracy of previously proposed methods for calculating the cooling | 
system parameters (Ye. P. Dyban, Issledovaniye sistem vozdushnogo ockhlashdeniya 
rotorov gasovykh turbin. Avtoreferat dissertateii. LPI im. M. I. Kalinina, 1964). | 
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“s Fig. 1. Cooling system for - 


GT-6-750 gas tarbine rotor. 
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ABSTRACT: The newly developed cooling system for the rotor of a GT- 6-750 
“high pressure turbine was investigated. Six tests were made on the temperature 
- gtate of the rotor and 11 on the hydraulic characteristics of the cooling system. 
’ Cooling system efficiency was evaluated from measurements of metal tempera~ 
ture and cooling air pressure under steady state cooling conditions. Results of 
the measurements shown graphically, demonstrate that, with an overall consumpt>— 
ion of cooling air of 0.86 kg/sec. and an initial gas temperature of 750C, there is, 
assured a maximum temperature level not higher than 410C over the disc plates. | 
This is substantially lower (by 100-110C) than the permissible value for heat 
andre perlitic steel type BiAis 7 With this system, the main body of heat is | 
ard 1/2 . 
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> yemoved from the upper part of the disc plate. Thus, heating up of the main body 
of the rotor proceeds very rapidly and steady state conditions are attained within ; 
45-50 min after startup. The radial and axial temperature gradients are within 
permissible limits. In general, the highest temperature gradients over the 
thickness of a disc amount to 110C and are attained after 40 minutes from the 
start of heating. Orig. art. has:.5 figures 
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Y =Yav' p/(L.Gp) (3). In the above expressions: pm Pj - Pg - pres- 


sure fall across meee - average specific density of gas; g - gravity constant; 
Gp =%V - filtration weig #’ flow; v - velocity of gas; Ae ~ coefficients of visco- 
sity and of inertia. The experimental apparatus, consisted of a ¢ and dry regula- 
ted air supply with provisions for temperature, ressurd"Gnd flow tiéasurement. Low ra 
tes of gas flow were measured by two GkF-6 gas meterspjand a Theometer in series; hig 
rates —~ by double diaphragms and a R 100 flow meter. Experimental samples were disks 
of steel powder, 5 mm thick and 50 mm dia, with porosities of 20.5, 37, 42.5 & 55.75%. 
All samples had particles of the same shape and granulemetric distribution, The expe- 
riments confirmed the theoretical expressions, Por the experimental coefficients ad 


the following expressions were derived as functions of the porosity P : 


OK = 7.22 .P73*82, 1027 (n>?) (4) ep? 1.26 P°-35,10'3(a-1) (5) 
The porous medium friction coefficient, +, is shown to be representable by 
A= 2 = 2/Re (6) where Re is the Reynold's number. 


Directions for further research <re recommended, Orig. art. has: 5 figures, 12 formu 
las. ; . 
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ABSTRACT: In the present work, thermal calculation of the cooling 
system was carried out on a three-dimension electric model, based on the 
use of a Type EI-]2 electronic integrator. A diagram shows the scheme 
for an electric model of a welded double-disk rotor. Based on 
experimental results, a figure shows the temperature field for a 
two-stage rotor; the date were obtsined &u en overall cooling air rate 

of 1.865 kg/sec. Conclusions sre as follows: 1) use of intensive air A 
cooling of all surfaces permits the fabrication of welded rotors with 
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greater rigidity and less weight; 2) use of the modelling system 
proposed in the article permits development of more reliable and 
efficient systems of air cooling for two- and four-state rotors for gas 
turbines; 3) parallel distribution of the cooling sir over the stsges 
allows sufficiently uniform temperature fields in all the disks; 

l.) with the proposed cooling system, use of more heat resistant material 
for the vanes of the first stage permits raising the temperature of the 
gas to 850-870°; end, 5) use of the electronic modelling also makes it 
possible, simply and with sufficient accuracy to determine the 
temperature field of practically any rotor, with the use of any present 
type of cooling system. Orig. art. hast k figures and 1 table. 
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TITLt: Apparatus for measuring the tT of revolving machine details. 
Class 42, No. 180833 /announced by Institute of Technical Thermophysics, AN UkrSSR 
(Institut tekhnicheskoy teplofiziki AN UkrSSR 


SOURCE: Izobreteniya, promyshlennyye obraztsy, tovarnyye znaki, no. 8, 1966, 91 
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ABSTKACT: This Author Certificate presents an apparatus for measuring the tempere 
ature of revolving machine details. The apparatus contains thermocouples fixed on 
the revolving detail and connected into the chain of movable electromagnets of the ~ 
induction-type contactless current receivers. The fixed magnets of the latter are 
connected into a circuit for amplifying and registration of the measured impulses 
(see Fig. 1). To diminish the influence of the machine shaft displacement and 

the interference of the nearby electromagnets, the magnetic connections of the 
fixed magnets are provided with magnetic screens placed on both sides of the 
connections in parallel to the rotation axis. The shaft carries a spline-like 
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; i. Prepodavateli Nostov:kogo gosudarstvennoge universiteta 
(tor Barbukova, Demidova, Posclyanine, Sorin, Shatvorova). 
2, Utvetstvennyy sekvetar' mnogotirazhnoy gezety "Krasnyy 
aksayets" (for Xhrushchev), 3. Zaveduyushchiy kabinetom po- 
liticheskogo prosveshcheniya partiynogo kor.iteta .ostovskogo 
gavoda sel'skokhozyaystvennogo mashinostroyeniya "Krasnyy 
Aksay" (for Starodubisev). 4 Rabochiy remontao-mekbanieheskogo 
teekha Rostovekogo zavoda celiskokhosyaystvernogo 1ashino- 
sivoreniya "Krasnyy Aksay" (for Shvets }s 

(sostov-on-Don—~—Agriculturai sn chinery) 
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